Effect of 5-aminoimidazole-4-carboxamide ribonucleoside on the mitochondrial function and developmental ability of bovine oocytes.
Oocyte nuclear maturation depends on sufficient energy supply through oxidative phosphorylation and β-oxidation. AMP-activated protein kinase (AMPK) is an energy sensor controlling the oocyte energy metabolism. The main aim of this study was to examine the effect of 5-aminoimidazole-4-carboxamide ribonucleoside (AICAR), a potent activator of AMPK, on the ATP content and mitochondrial DNA copy number (Mt-number) of bovine oocytes and on their developmental ability. Oocytes were collected from slaughterhouse-derived bovine ovaries. When these oocytes were cultured in a maturation medium containing 0-, 50-, 250-, and 500-μM AICAR, higher AICAR concentrations reduced the rate of meiotic maturation and the ATP content in oocytes, whereas lower AICAR increased the ATP content in oocytes without affecting the maturation rate. Supplementation of the maturation medium with a low concentration of AICAR (50 and 250 μM) increased phospho-AMPK expression level, as determined by immunostaining. In addition, AICAR treatment increased the ATP content in oocytes, which remained elevated for as long as 2 days after fertilization. On culturing the oocytes with AICAR (250 μM), the fertilization outcome, rate of blastulation, and total cell number of the blastocysts significantly improved. When the proteosomal mitochondrial degradation was inhibited by supplementing the maturation medium with MG132, the Mt-number, as determined by real-time polymerase chain reaction, significantly increased. However, the treatment of oocytes with AICAR did not affect the Mt-number in the presence or absence of MG132. From these data, we conclude that low concentrations of AICAR improved the embryonic developmental ability, presumably via the upregulation of the ATP content in oocytes, but the increase in the ATP content was not due to the upregulation of mitochondrial biogeneration.